Since the first isolation of Cryptococcus neoformans by Sanfelice (13) in 1894, researchers have speculated upon the primary route of infection by this pathogen. In general, fungi are particularly suited for airbome dissemination; thus, the respiratory tract has been suggested as an important portal of entry for this organism, as well as the etiological agents for other important systemic mycoses (3, 8, 9, 11, 12 ; R. M. Karaoui, Diss. Abstr. Int. B 36B:1583-1584).
It is difficult to conceptualize the lung as a portal of entry for particles of C. neoformans, which are usually described as being heavily encapsulated yeast cells, 4 to 20,m in diameter (3). Wright (15) and Hatch (6) have shown that airborne particles entering through the larynx are generally smaller than 10 um. It is considered that particles larger than 5 ,um are swept out of the lungs by ciliary action. However, particles that are minimally affected by the cleansing ciliary action and succeed in penetrating the respiratory system to the alveoli are smaller than 2 ,um (6) .
In 1968, Ishaq et al. (7) reported that the capsule size of C. neoformans appeared to decrease with increased incubation of the organism in soil. Farhi et al. (4) reported in 1970 that particles of C. neoformans appeared to exist in soil as relatively small, nonencapsulated cells. They detected viable and infectious 3-,um cells of C. neoformans and suggested that the organism, under certain conditions, may exist naturally in the soil in a nonencapsulated state. These experiments led us to speculate that if the lung is the primary portal of entry, then the infectious particle of C. neoformans must be small enough to enter the lung and, in particular, must be deposited within the alveolus-bearing structures, which most investigators of lung physiology place at less than 2 ,um. The purpose of this investigation was to determine the sizes and numbers of viable airbome particles of C. neoformans in laboratory-simulated dust clouds, with particular attention to their ability to grow in soil as particles <2 ,um.
MATERLALS AND METHODS Organism. C. neoformans CIA is a moderately encapsulated strain (10) isolated from a patient with cryptococcal meningitis at the Veterans Administration Hospital, Oklahoma City, Okla. Strain G is a heavily encapsulated strain isolated from a patient in Saigon, Vietnam. Strain M7 is an ultraviolet radiation-induced mutant of CIA that is nonencapsulated and avirulent for mice (2 At weekly intervals during 1 to 6 weeks of incubation of strain M7 in soil, the contents of a mason jar was poured into a Waring blender to which the "octopus" chamber was attached. The air sampler was connected to an outlet on the "octopus." This method allowed direct sampling of the air within the chamber. Inoculated soil samples were blended for 1 min, and then the ensuing dust cloud was drawn from the blender jar into the "octopus" chamber by a vacuum line. This produced a homogeneous dust cloud within the 2.8-liter chamber. The vacuum was turned off after 15 s, then the dust cloud was aspirated for 30 s through an air sampler.
After each chamber sampling, the plates containing aspirated dust and yeast cells were removed from the various air sampler stages and were incubated at room temperature. Colonies were counted after 96 h of incubation. The positive hole count method developed by Anderson (1) Nonencapsulated cells of strain M7 aerosolized with soil also showed a wide range in particle size. A small percentage (7.8%) of the viable M7 cells isolated were <2 ,im in diameter; 2.3% were <1 j,m; and 5.5% were 1 to 2 jim. Of the remaining viable cells, 13.6% were 2 to 3 ,um; 27.0% were 3 to 5 jim; 14.7% were 5 to 7 jim; and 36.9% were 7 to 11 ,um. Figure 1 illustrates the percentage of viable C. neoformans cells isolated from the laboratoryinduced dust clouds on the basis of size. The percentages illustrated are composite values for the three C. neoformans strains studied and are expressed as the mean plus or minus the standard error of the mean. Of particular note is the first column, which indicates that 5.9 ± 0.87% of the viable C. neoformans cells isolated from aerosolized soils was 0.65 to 1 ,im. C. neoformans cells have not been previously reported to be this small.
Virulence tests. Within 10 days post-intracranial inoculation with either C. neoformans CIA or G cells, 100% of the mice died of cryptococcosis ( Table 2 ). All of the G-strain-inoculated mice died from 4 to 10 days postinoculation. M7 virulence studies were not performed, since this strain has previously been shown to be avirulent for mice (2) . These results indicate that all viable airborne particles of C. neoformans, regardless of their size, are virulent for mice. Figure 2 illustrates the approximate level of penetration of most airborne particles within the lung (1, 6 than the trachea and primary bronchi. However, particles smaller than 3 jim can be deposited within the secondary and terminal bronchi, and those smaller than 1 jim are capable of alveolar deposition.
DISCUSSION
Our studies indicate that viable airborne cells of C. neoformans do exist as very small particles and that the particle sizes are definitely compatible with alveolar deposition. In our studies of three C. neoformans strains, we repeatedly isolated yeast cells <1 jim in diameter. The percentages of cells <1 jim were 9.1, 6.2, and 2.3% for strains CIA, G, and M7, respectively. An earlier report by other investigators (9) stated that a very small percentage of the C. neoformans cells isolated from a natural habitat by Anderson air samplers were <5.5 jum. They did not report isolating any C. neoformans cells that were <1 jim (9) . Although strains of C. neoformans may vary in their cell sizes, we believe that this is not a major reason for the apparent on October 26, 2017 by guest http://iai.asm.org/ Downloaded from VOL 17, 1977 discrepencies between our data and those of Powell et al. (9) . In all instances, we sampled dust clouds for 1 min or less with the air sampler. In contrast, Powell et al. (9) (4, 7) . In our work, as incubation time in soil increased, the size of the C. neoformans particles decreased, with increased numbers of 0.65-to 2-,um yeast cells being isolated from aerosols. This is probably a reflection of our previous finding that C. neoformans cells become smaller and tend to lose their capsules with increased incubation time in soil. However, this is not to infer that C. neoformans cells are always small and nonencapsulated in soil in nature. Since capsule production seems to be intimately linked with the amount of water present (4, 7), it seems logical that capsule production may be an "on-off" affair depending upon the environmental conditions. For example, after a rain, the amount of moisture and transported nutrients in the soil would increase dramatically. Perhaps, under such conditions, capsule production would be "turned on," with a subsequent increase in capsule size, whereas during long, dry periods, capsule production would be "turned off," with a subsequent decrease in capsule size. Since lung deposition is linked to particle size, the infec- (5) in which Cryptococcus spp. were isolated from the feces of 39.2% of hospital "ward patients" and from the feces of 24% of "new admissions" patients.
In summary, these studies indicate that soilgrown C. neoformans cells can be small enough to be.deposited within the human lung. These studies also support our previously published speculation that, under certain environmental conditions, the infectious particle of this pathogen may reside in the soil in a relatively small, nonencapsulated state.
